Recently published practice guidelines continue to reflect uncertainty about the comparative effectiveness of various treatments for empyema in children. We describe treatment trends and outcomes in pediatric empyema using the most current nationally representative data. Methods: Using survey methods and Kids' Inpatient Databases from 1997 to 2009, we evaluated hospital stays in children 0-18 years of age. We used 2009 data to compare transfer-out rates and lengths of stay across various types of treatment, after adjusting for patient and hospital factors. Results: From 1997 to 2009, empyema discharges steadily increased from 3.1 to 6.0 per 100,000 children (P < 0.001 for trend) and also were increasingly likely (P < 0.01) to be coded for: (1) at least 1 pleural drainage procedure (76.4-83.2%), (2) multiple drainage procedures (36.0-41.6%) and (3) home health care (8.7-15.0%). By 2009, video-assisted thoracoscopic surgery was more commonly coded than chest tube drainage and was associated with a lower transfer-out rate (0.6% vs. 10.1%, adjusted P < 0.001) but no reduction in mean length of stay [11.2 vs. 13.4 days, adjusted incidence rate ratio 0.95 (95% confidence interval: 0.88-1.04)] for children neither admitted nor discharged by transfer. Conclusions: US hospital stays for empyema in children not only continued to increase through 2009 but were also characterized by more intense procedural management. Outcomes results in this population-based study are consistent with practice guidelines and recommendations that recently endorsed chest tube drainage as an acceptable first treatment option for most children with empyema.
P ediatric hospitalizations for pneumonia complicated by parapneumonic effusion and/or empyema are becoming more common. [1] [2] [3] [4] [5] [6] [7] These hospitalizations are burdensome because they typically are associated with prolonged length of stay (LOS) [8] [9] [10] and high costs. [11] [12] [13] The increasing allocation of health care resources to hospitalized children with empyema has stimulated debate about treatment options, particularly regarding the effectiveness of video-assisted thoracoscopic surgery (VATS) compared with chest tube drainage (with or without fibrinolytics). Large observational studies and a single meta-analysis suggest that VATS may 8, 9, 11, 12, 14 or may not 15 be associated with a shorter LOS and may 8, 9, 11, 14, 15 reduce the need for additional drainage procedures. However, results of 3 small, single institution clinical trials failed to provide consistent evidence about the comparative effectiveness of VATS and chest tube drainage for empyema in children. [16] [17] [18] After reviewing available evidence, the Pediatric Infectious Disease Society, the Infectious Disease Society of America and the American Pediatric Surgical Association Outcomes and Clinical Trial Committee have recently addressed the management of pediatric empyema in the form of Clinical Practice Guidelines 19 and a comprehensive review with recommendations. 20 These publications propose that, when considering procedural management, chest tube should be considered for first-line therapy.
To place these practice guidelines 19 and recent recommendations 20 in context, we designed an observational study of recent treatment trends and outcomes in US hospitalizations of children with empyema. We took advantage of recent changes in International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) procedure codes 21, 22 that allow pleural drainage procedures to be more precisely categorized than was possible in previous observational studies. Our objectives were to use the most current nationally representative data available to: (1) update trends in the annual number of US hospital discharges of children with empyema between 1997 and 2009, (2) describe trends in coded procedures associated with these discharges and (3) explore the relationship between these procedures and hospital outcomes for discharges in 2009.
METHODS

Data Source
This study is a retrospective analysis of hospital discharge information in the Kids' Inpatient Database (KID), a public use administrative dataset maintained by the Healthcare Cost and Utilization Project under the sponsorship of the Agency for Healthcare Research and Quality. 23 For each year of data, a KID sample is constructed from: (1) a 10% random sample of discharge records for uncomplicated births and (2) an 80% random sample of discharge records for all other pediatric inpatient stays in each nonfederal, short-term general and specialty hospital in participating states. For 2009, the KID contains information on 3.4 million (unweighted) discharges of persons <21 years of age from 4121 US hospitals in 44 states. The KID includes discharge-level information on patient demographics, admission source, payers, hospital-assigned diagnostic and procedural codes, LOS, total hospital charges and discharge disposition. The KID also includes hospital-level information such as discharge volume, location and teaching status. By accounting for its complex sampling design and incorporating sampling weights, each KID sample can be used to generate national estimates for short-term US hospital stays by children and adolescents. 24 
Definitions
We used ICD-9-CM 21 discharge diagnosis and procedure codes to define: (1) any pneumonia, (2) empyema, (3) major pleural drainage procedures and (4) 
Data Analysis
All analyses were conducted at the hospital discharge level and included discharges of children 0-18 years of age. We excluded records for which: (1) patient age was missing (<0.5% in the KID 2009 sample), (2) discharge diagnosis/procedure codes indicated a hospital birth during the same stay or (3) any diagnosis code indicated pulmonary tuberculosis (011.x-012.x).
We used KID datasets from 1997, 2000, 2003, 2006 and 2009 to estimate trends in: (1) US population rates of hospital discharges for any pneumonia and empyema, (2) empyema discharges as a percentage of all pneumonia discharges and (3) the percentage of empyema discharges associated with at least 1 major pleural drainage procedure. Denominators for population rates were based on US estimates (assuming no variance) for children 0-18 years of age. 26 Trends across the study period were evaluated by first estimating national counts and proportions (and their standard errors) from each KID sample and then applying linear trend tests. 27 KID datasets do not contain patient-level indicators, and analysis of administrative data at the discharge level may "double count" hospital stays of some patients who were readmitted or admitted by transfer from another hospital in the same data year. 28 In our descriptive analyses, we included all discharges rather than restricting our trend analysis to discharges of patients not admitted by transfer, 2, 8 so that we could assess trends in the societal burden of hospital care for children with empyema and, most importantly, avoid the systematic exclusion of hospital stays for which transfer might by a proxy indicator for severe illness or poor response to initial treatment.
Detailed analysis of treatments and outcomes for empyema discharges was based exclusively on KID 2009 data. National estimates for proportions and ratios were derived from nonmissing values, and associated CIs were calculated under the conservative assumption that missing values were not missing completely at random. For empyema discharges in the KID 2009 sample, missing values generally occurred at low frequency (0.1-0.2% each for transfer-in status, sex and primary payer, 0.03% for discharge disposition). Values for hospital location/teaching status were missing more commonly (15.0%) and treated as a separate category. Race was excluded as a covariate because missing values occurred at high frequency (15.3%) and were considered not to be missing at random. Before multivariate analysis, we used simple imputation to randomly replace low-frequency missing values for covariates (listed above) in proportion to the frequency distributions of nonmissing observations.
To examine treatment effects, we not only selected LOS as the primary outcome of interest but also considered transfer out and discharge to home health care as "competing risks"
29 that may interact with LOS. 30 To estimate transfer-out rates, we restricted our analysis to hospital stays of children not admitted by transfer from another acute care hospital. To study LOS and discharge to home health care, we further restricted our analysis to stays in children who were neither admitted nor discharged by hospital transfer. We used logistic regression to model the relationship between type of pleural drainage procedure and the odds of being discharged by transfer. We used negative binomial regression [31] [32] [33] as an alternative to proportional hazards methods, to model the markedly right-skewed distribution of LOS. We displayed both mean and median LOS for descriptive purposes. In final negative binomial models, the parameter for overdispersion (of LOS), alpha, was positive and statistically significant (P < 0.05). The following covariates were forced into in regression models as adjustment factors: patient age, sex, primary expected payer, hospital location/teaching status, primary coded diagnosis (lung or bloodstream infection vs. other), number of unique chronic diagnoses and continuous mechanical ventilation.
All statistical routines were conducted in SAS version 9.3 (SAS Institute, Cary, NC) and Stata version 12.1 (StataCorp, College Station, TX) using procedures that account for complex survey design and incorporate post-stratification weights into national estimates. 24 The University of Wisconsin-Madison Health Sciences Internal Review Board determined that formal review of the study protocol was not required.
RESULTS
Trends in Empyema Discharges, 1997-2009
US hospital discharges coded for empyema in children doubled from 1997 to 2009, accompanied by similar increases in population rates and in empyema as a percentage of all pneumonia discharges (P < 0.001 for each trend; Table 1 ).
Trends in Empyema Treatment, 1997-2009
The proportion of empyema discharges coded for 2 or more major pleural drainage procedures (of any type) increased from 36.9% to 41.5% (P < 0.01), while the proportion not coded for any major drainage procedure declined stepwise from 23.6% to 17.8% (P < 0.01). Mean LOS declined stepwise during the study period, from 15.1 days (95% CI: 13.9-16.3 days) in 1997 to 13.8 days (95% CI: 12.9-14.6 days) in 2009. Median LOS (as estimated directly from unweighted KID observations) was 11 days (interquartile range: 7-17 days) in 1997 and was 10 days (interquartile range: 7-15 days) in 2009. Disposition by transfer to another acute care hospital declined slightly during the study period, from 8.8% to 7.2% of discharges (P < 0.05). Discharge to home health care nearly doubled, from 8.7% to 15.0% (P < 0.001). (Table 3) . Compared with transfer-out rates for discharges associated with a single chest tube procedure, rates were higher with medical management (no coded procedure) and lower with a single VATS procedure or multiple procedures (of any type). These relationships persisted in a multivariate logistic model, which also identified continuous mechanical ventilation, principal diagnosis code and admission to a rural or nonteaching urban hospital as significant predictors for transfer (see Table, Supplemental Digital Content 1, http://links.lww.com/ INF/B746, which describes multivariate results).
Empyema Discharges, 2009
Analysis of LOS and discharge to home health care was based on the further restricted subpopulation of discharges of children who were neither transferred in nor transferred out (n = 3102). Tabulated median and mean LOS ( Table 3 ) estimates show that LOS was nonnormally distributed (skewed to the right) for each treatment group. After accounting for this overdispersed distribution with a negative binomial model, we failed to find any statistically significant multivariate difference between mean LOS in discharges coded for chest tube drainage (the reference group) and VATS or medical management. Adjusted risk for longer LOS was associated with discharges coded for open thoracotomy, multiple drainage procedures (regardless of type) and the following covariates: younger age, Medicaid, increasing number of uniquely coded chronic diagnoses, principal diagnosis other than lung or bloodstream infection, continuous mechanical ventilation and urban teaching or urban nonteaching (vs. rural) hospital (see Table, Supplemental Digital Content 2, http://links.lww.com/INF/B747, which describes multivariate results). We failed to find any statistically significant multivariate relationship between rates of discharge to home health care and treatment categories. Instead, we found that the number of chronic comorbidities was a significant predictor for discharge to home health (see Table, 
DISCUSSION
While extending and updating previous observations [1] [2] [3] [4] 34 regarding the rapid rise of empyema hospitalizations, our nationally representative study is the first to document the increasingly procedural nature of these hospital stays. We find that, by 2009, >40% of discharges were coded for multiple pleural drainage procedures. By taking advantage of recent changes in ICD-9-CM coding, 22 we also show that VATS had became the most commonly performed drainage modality by 2009 and that VATS-associated discharges were associated with lower rates of transfer to another hospital but no significant reduction in LOS. Adjusted risk of prolonged LOS was instead associated with multiple drainage procedures (of any type), patient-level factors (eg, chronic comorbid conditions) and hospital location/teaching status.
The continued rise in pediatric empyema hospitalizations is consistent with previously described trends despite differences in study periods, 1-4 exclusion criteria 2 and/or populations examined. 3, 4 Possible explanations for this rise include pneumococcal serotype replacement by nonvaccine strains, 35 ,36 a greater proportion of staphylococcal infections, 1 increasing prevalence of methicillin-resistant Staphylococcus aureus 37 and, most recently with the inclusion of 2009 data, emergence of H1N1 influenza as a predisposing pathogen for bacterial coinfection. 38 Recent multicenter, observational studies reported much lower utilization of VATS. 8, 11, 15 This difference may be attributable, in part, to changes in ICD-9-CM coding that only now allows precise classification of VATS, chest tube-related and thoracotomy-related drainage procedures. VATS usage may also vary according to *Diagnoses defined by principal and secondary ICD-9-CM codes (see Methods for specific codes). †Per 100,000 children 0-18 years of age.
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population-and hospital-level factors 11 and to whether analysis is restricted to discharges of children not admitted by transfer 8 or to discharge in children who were ostensibly otherwise healthy. 15 In addition, we speculate that the increasing intensity of empyema treatment may reflect therapeutic enthusiasm for major drainage procedures in an environment where the evidence is evolving, and the most effective management remains uncertain.
Our results are consistent with those of several previous studies demonstrating that, when compared with chest tube alone, VATS is associated with a decreased likelihood of transfer out 8 but not associated with a significant difference in LOS. 15, 16, 18 Our results differ from those of other studies that suggest VATS may be associated with a decreased LOS. 8, 9, 11, 12, 14, 17 These conflicting results may be related to multiple factors, including variation in patient populations studied and a variety of unaccounted for details about treatment. Based on our multivariate analysis, despite the limitations of administrative data, it does appear that LOS is less strongly influenced by treatment modality than by patient-and hospital-related characteristics, factors similar to those that influenced LOS in a recent study of pediatric patients hospitalized with community-acquired pneumonia. 33 There are several limitations to this study. The KID is a discharge-level database and does not contain unique patient identifiers; therefore, we could not reliably measure time to initial †Defined by an ICD-9-CM principal diagnosis code for pneumonia, empyema, lung abscess, bacteremia or sepsis. ‡Leading 10 principal coded diagnoses (accounting for a total of 142/4685 discharges), listed in descending order of frequency: respiratory failure, spontaneous pneumothorax, H1N1 influenza, aspiration pneumonia, respiratory syncytial virus bronchiolitis, other respiratory abnormalities, postoperative infection, spontaneous tension pneumothorax, primary coccidiomycosis and other specified forms of (pleural) effusion except tuberculosis.
§Based on chronic condition indicator designation by the Healthcare Cost and Utilization Project. ¶Includes in-hospital death and transfer to other health care facilities. procedure or fully characterize possible interactions between procedures, transfers and readmissions. Likewise, we could neither account for total costs or LOS at the episode of illness level nor use discharge diagnosis codes to unambiguously interpret the underlying reasons for transfers in and transfers out. For instance, an individual patient may be transferred out of 1 hospital with a discharge diagnosis code that indicates only pneumonia and then be subsequently discharged with empyema from the next. Furthermore, these administrative data provide no information on diagnostic studies, laboratory markers and drug therapies, including antibiotics or fibrinolytics, which precluded a comparison of chest tube with or without fibrinolytic 39 therapy or detailed characterization of illness severity. As a result, our results are subject to residual indication bias. We used a case definition that was not validated, although a similar (albeit ICD-10) code-based empyema definition was recently reported to have a high positive predictive value. 25 We were unable to fully describe changes in treatment over the entire study period because of insufficiently specific procedural codes before 2007. 22 However, 2009 data did allow us to describe outcomes according to drainage procedures that were more precisely identified than previous studies that relied on the pre-2007 coding scheme. 11, 15 Data limitations precluded accurate assessment of the order in which multiple procedures were performed, and this inhibited analysis of interactions between various treatment modalities (eg, use of VATS as a rescue for failed chest tube therapy). Although we did account for hospital location/teaching status in our multivariate models, it is possible that adjusted transfer-out rates and LOS are still biased by unmeasured hospital-level factors.
Our results suggest several potential areas for further study. Additional investigation is warranted to determine to what extent the striking increase in empyema discharges can be attributed to shifts in diagnostic coding practices, as was observed in a recent study of hospitalized adults with pneumonia. 40 Future studies would benefit from the development of a validated measure for empyema severity, which in turn could be used to predict associated outcomes. Future research would also benefit from patient-level, longitudinal analysis that would account for pre-hospital care, transfers, readmissions, patient comorbidities and more detailed information about hospital-level factors. Finally, it would be beneficial to study the temporal relationship between the publication of recent guidelines 19 and surgical recommendations 20 and the utilization of procedures over the coming years.
In conclusion, this population-based analysis demonstrates a strong (and increasing) tendency towards procedural management in hospital stays in children with empyema in the United States. By 2009, VATS was the most commonly coded drainage procedure and discharges coded for VATS were associated with lower transfer-out rates but no statistically significant reduction in LOS after accounting for patient and hospital factors. Results of our population-based study are consistent with recently published practice guidelines 19 and recommendations, 20 which endorse chest tube drainage as an acceptable first treatment option for most children with empyema. Analysis restricted to hospital stays in children not admitted by transfer from another acute care hospital (US estimate, n = 3401). *All numbers and rates in table are national estimates, except for median LOS (which was calculated directly from KID sample data). †Adjusted for the following covariates: patient age, sex, Medicaid, primary diagnosis, number of unique chronic diagnoses, continuous mechanical ventilation and hospital location/teaching status. Bold values indicate statistically significant (P < 0.05) increases or decreases in adjusted odds (for transfer out) or in adjusted incidence rate ratio (for prolonged LOS). See Supplemental Digital Content 1 and 2 (http://links.lww.com/INF/B746 and http://links.lww.com/INF/B747) for complete results of multivariate models.
‡Numbers suppressed to prevent direct or indirect disclosure of tabulated data describing ≤ 10 discharges/cell. OR, odds ratio; IQR, interquartile range; IRR, incidence rate ratio.
